Rationale: We present a case of incidental venous contrast pooling and layering in a patient without sudden cardiac arrest or cardiogenic shock.
Introduction
Contrast-enhanced computed tomography (CT) is a diagnostic radiologic tool applied in a vast variety of clinical settings. Numerous reports describe reflux of contrast medium and layering of the contrast agent in dependent areas of the venous system. [1] [2] [3] [4] [5] [6] In all reported cases, impending cardiogenic shock or sudden cardiac arrest were described. We present a case with the incidental finding of dependent contrast pooling and layering in a patient without any evidence of acute circulatory failure.
Methods

Computed tomography
All examinations were performed on a helical CT scanner (Philips Brilliance iCT 256). Around 85 mL of contrast medium (AccuPaque 350, GE Healthcare) were administered at a rate of 3.5 mL/ sec via a 20 GA peripheral brachial venous catheter using a Stellant D (MEDRAD, Bayer, Leverkusen, Germany) injection system.
Echocardiography
Examination was performed using a M5Sc transducer (Vivid E9, GE Healthcare Vingmed, Trondheim, Norway).
Patient consent
The institutional review board "Ethikkommission der Medizinischen Fakultät Heidelberg" and "Datenschutzbeauftragter des Klinikums Heidelberg" have approved the case report and waived the requirement to obtain patient's informed consent. Explicit written patient consent could not be obtained because the patient deceased ere to the next hospital visit. Therefore, the institutional medical data protection commission and the institutional ethics review board were contacted. Both commission and board approved the utilization of the clinical data and image data, providing that full individual patient data anonymization is warranted. The authors state that individual patient data are fully anonymized and no conclusions from the written and image content of this case report can be drawn to the identity of the patient.
Case report
Clinical findings and diagnostic assessment
A 61-year old outpatient received a routine CT to follow an underlying carcinoma of the gastroesophageal junction. The patient was known to have ischemic cardiomyopathy with severely impaired left ventricular function, pulmonary arterial hypertension, paroxysmal atrial fibrillation, arterial hypertension and type II diabetes. During the late arterial contrast enhanced upper abdomen phase and also during the late portal phase the patient showed signs of contrast agent pooling in the dependent areas of the venous system (Fig. 1A-D) . Namely the inferior vena cava, the right hepatic vein, the right renal vein, the right testicular vein and right-sided lumbar veins were involved in the pooling phenomenon. During the late arterial phase a two-phase layering of dense contrast medium and nonenhanced venous blood was evident. During the late portal phase a three-phase layering of dense contrast medium, slightly enhanced venous blood and nonenhanced venous blood were identified in the inferior vena cava. The rich enhancement of arterial blood in the abdominal aorta indicated forward motion of blood in the circulatory system. No evidence was found for pulmonary embolism or aortic dissection. The patient was checked immediately following the CT scan and denied loss of consciousness or palpitations during the examination. The patient showed no signs of allergic reaction to contrast medium. No echocardiogram was acquired during the CT examination. The patient reported a general increasing shortness of breath and limited ability to exercise within the last year. The patient's primary physicians were informed immediately, and a cardiac workup was initiated. Echocardiography, which was performed after the first CT study, showed a dilated, mildly concentric hypertrophied left ventricle with severely impaired systolic function (biplane ejection fraction 12%). The inferoseptal segments were thinned and akinetic. The anteroseptal and anterior segments were also akinetic and the Apex was dyskinetic. Both atria were dilated. The right ventricle was dilated and showed an impaired systolic function. The inferior vena cava was dilated with poor inspiration collapse consistent with elevated right atrial pressure (Fig. 4D) . The aortic valve was calcified and showed a good separation and a moderate regurgitation (Fig. 4A) . The mitral valve was also calcified and showed a sufficient separation and a mild regurgitation. The tricuspid valve showed a moderate-to-severe regurgitation (Fig. 4B) . The estimated pulmonary artery systolic pressure was increased (approx. 55-60 mm Hg).
Follow-up and outcomes
A subsequent CT follow-up, performed 8 months after the first CT examination, showed no signs of contrast pooling or layering ( Fig. 2A and B) . No difference was observed in right ventricular morphology compared to the first CT examination. The patient did not receive invasive cardiologic interventions or a change in medication between the CT examinations. The patient joined a chronic heart failure program and made behavioral modifications, including dietary changes. Contrast bolus tracking was recorded during both CT examinations ( Fig. 3B and C) . The first CT examination, where the pooling phenomenon was observed ( Fig. 3A and C) , showed an 11 second delay in bolus tracking (50 seconds vs 41 seconds) compared to the second examination where no pooling was observed ( Fig. 3B and D) . In both CT studies, the bolus trigger was set in the descending aorta at approximately the same anatomic level at a threshold of 150 Hounsfield units.
Discussion
In this report, we present a case of incidental finding of pooling and layering of contrast medium in gravity-dependent areas of the venous system in a patient who was not in acute cardiogenic shock or sudden cardiac arrest. To our knowledge, this is the first case of dependent layering without subsequent fatal outcome for the patient and later follow-up CT examination. Ko et al. reported 3 cases of venous pooling where patients fully recovered after the finding, however, no layering of contrast medium was described. A high injection rate of the contrast medium, tricuspid regurgitation, pulmonary hypertension and right ventricular dysfunction were identified as independent predictors for retrograde filling of the inferior vena cava and right hepatic vein. [7] However, gravity-dependent layering, is generally considered to be an indicator of circulatory failure and death. [1] [2] [3] [4] [5] [6] 8] Several case reports describe pooling and layering as a characteristic imaging feature in patients suffering abrupt cessation of the cardiac pump function. [2] [3] [4] [5] [6] 8, 9] However, in some cases layering in the right ventricle [7, 9] and pooling the pulmonary vasculature were noted. [9] In our case only minimal signs of right ventricular pooling were evident (Fig. 4A) and no pooling was seen in the pulmonary vasculature. Contrary to previous reports, [2] [3] [4] [5] [6] [7] 9] no contrast pooling was evident in the hepatic parenchyma or in the renal interstitium. [4] Contrast bolus tracking showed a delayed scan trigger during the first CT examination, where the pooling phenomenon was observed. This may be indicative of a decrease in cardiac output. This finding is in line with the report of Clark et al, [4] who described contrast layering in the inferior vena cava in an abdominal contrast phase CT triggered 75 seconds after initial contrast bolus injection. Roth et al. described dependent contrast layering as "a sign of imminent cardiogenic shock" . [2] Some authors describe the pooling of contrast agent in the inferior vena cava as "pathognomonic of the absence of blood flow during the procedure" [10] or the spectrum of the findings as "pathognomonic of impending cardiac arrest" . [11] Others recommend an immediate termination of the CT examination upon detection of venous pooling to perform cardiopulmonary resuscitation. [5] These assumptions become more relevant in light of our case findings. Our report indicates that it is rather the total spectrum of pooling and layering signs, which in their entirety are quite specific for cardiogenic shock and sudden cardiac arrest. Pooling and even layering of contrast medium occurred in a patient who presented with only discrete symptoms and did not suffer fatal cessation of the cardiac pump function during or shortly after the scan. Nonetheless, any signs of venous pooling observed in CT examinations, especially gravity-dependent layering of contrast medium, are indicative of severe heart dysfunction and should prompt immediate cardio-pulmonary monitoring and increased level of medical care.
